Fungi are a promising source for bioactive secondary metabolites against various agricultural pests. Soil samples were collected from the rhizosphere of various plants at El-Khatatba, Egypt, in May 2016. Sixty-two fungal isolates were locally isolated and screened against Tetranychus urticae Koch (Acari: Tetranychidae). Four fungal strains, showed potent control activities, were morphologically identified. Laboratory evaluation of the crude extracts of the selected strains, Aspergillus melleus, A. terreus, Emericella nidulans, and Chaetomium globosum, exhibited LC 50 values of 10.27, 33.05, 14.68, and 22.40 mg/ml against females of T. urticae, respectively. Correspondent LC 50 values that exhibited on eggs were 8. 81, 23.17, 11.66, and 11.05 mg/ml. Consequently, secondary metabolites of A. melleus were separated by liquid chromatography/mass spectrometry. Compounds separated from the active fraction were identified as mellamide, ochratoxin C, nodulisporic acid, 7-Oxocurvularin, and 6-(4′-hydroxy-2′-methyl phenoxy)-(−)-(3R)-mellein. Obtained secondary metabolites are promising sources for biopesticides to be used in bio-rationale control of T. urticae.
Background
Crop production is decreased annually by 18-26% because of arthropod pests (Culliney 2014) . The two-spotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae), can infest more than 200 plant species all over the world. Many reports showed that T. urticae can cause harsh damage to many agricultural crops such as vegetables, fruits, and ornamental plants (Fasulo and Denmark 2000) . Management of T. urticae by using synthetic acaricides has been widely applied (Attia et al. 2013 ). Due to health and environmental hazards caused by chemical pesticides in addition to their effects on other non-target organisms such as predators, their use has been firmly regulated (Horikoshi et al. 2017) . Moreover, the development of acaricidal resistance in T. urticae is highly increasing since they have an outstanding potential to develop such resistance. Therefore, the development of new acaricides with novel modes of action is increasingly needed (Marcic 2012) .
Currently, many chemicals used in agriculture to control pests are originally derived from microbial metabolites (Horikoshi et al. 2017) . Fungi and fungal metabolites exhibit a high toxicity to insects and mite pests; however, they show low toxicity to non-target organisms (Ragavendran and Natarajan 2015) . Researchers thought that fungi use their products as well as mycotoxins as chemical defenses against different targets including insects and mites. For instance, mycotoxins such as aflatoxin B and trichothecenes exhibit toxicity to many insect pests (Srivastava et al. 2009 ). Consequently, microbial metabolites may be promising resources in a novel pesticide development (Horikoshi et al. 2017) .
Beside predatory mites, plant extracts, and essential oils, microbial metabolites may be also promising tools in bio-rationale control of T. urticae (Attia et al. 2013) . For example, thuringiensin produced by B. thuringiensis showed a potent acaricidal efficiency on T. urticae, T. cinnabarinus (Neal Jr et al. 1987) , and Panonychus ulmi Koch (Vargas Mesina 1993) . Pseudomonas fluorescens exhibited a strong efficacy on adults of Oligonychus coffeae Nietner under laboratory conditions (Roobakkumar et al. 2011) . Also, an actinomycete-derived product, abamectin (avermectin) produced from Streptomyces avermitilis, demonstrated highly toxic effects on T. cinnabarinus (Wu and Liu 1997) , T. urticae, Phyllocoptruta oleivora, Panonychus citri, and T. turkestani Ugarov and Nikolski (Putter et al. 1981) .
The present study aimed to evaluate the control potential of ethyl acetate extract produced by different fungal strains against T. urticae under laboratory conditions. In addition, the active compound/s produced by the most effective strain will be separated, purified, and identified.
Materials and methods
All experiments were conducted at the laboratories of Plant Protection Department, Desert Research Centre, Egypt (2016 Egypt ( -2018 .
Collection of soil samples
Soil samples were collected from EL-Khatatba, Egypt, in May 2016. Plants at different fields were examined by the aid of a × 10 magnification lens for spider mite infestation. Samples were collected from the rhizosphere of the spider mite-infested plants at a depth of 10-15 cm under the soil surface. Soil samples (500 g each) were placed in sterilized polyethylene bags and stored at 4°C until use.
Isolation, purification, and identification of fungi by cultural and morphological methods
Isolation of soil fungi was done by a serial dilution method. Two types of culture media were used for isolation of fungi: potato dextrose agar (PDA) and Czapek's Dox agar supplemented with yeast extract (5 g/l). All media were supplemented with chloramphenicol antibiotic (25 mg/l). Isolation of fungi was carried out from dilutions of 10 −2 and 10 −3 , where 0.5 ml was taken from each dilution and placed into Petri dishes with a solid media, then spread, using a sterilized glass spreader and was left for 30 min before incubation at 28°C for 4-7 days. Each morphological distinct, fungal colony was sub-cultured and purified, using standard techniques.
Primary screening of fungal isolates against T. urticae
Sixty-two fungal isolates were screened for their control activity by testing their culture filtrates against adult spider mite females. Four discs (1 cm) were cut from fresh culture of each fungal isolate and inoculated in 100 ml of potato dextrose broth. The broth cultures were incubated in shaking incubator at 28°C, 150 rpm for 7 days. Fungal cultures were filtered, using sterilized filter papers and centrifuged. Finally, the filtrates were preserved in refrigerator at 4°C until use within a week to avoid any contamination or alteration of metabolites. Bioassay of fungal filtrates on spider mites was carried out by leaf-dipping method. Three mulberry leaf discs (25 mm) were immersed for 5 s in each fungal filtrate and dried at room temperature. The treated leaf discs were placed on wetted cotton wool in Petri dishes. Each was lined with cotton lining to prevent mites from escaping. Ten females were transferred to each leaf disc, using a fine paintbrush and incubated at 25°C. Control was immersed in potato dextrose broth and mortality rates were observed after 5 days. Four isolates (KF23, KF45, KF40, and KF9) out of 62 were selected for further investigation, as they achieved > 50% mortality in T. urticae. Cultures were grown on Czapek's yeast extract agar and incubated at 28°C for 7-10 days. The identification of the most potent isolates was carried out on morphological basis, using culture characteristics, e.g., growth rate, color, and pigmentation, as well as microscopic features, e.g., conidiophores, conidia, production of sclerotia, and dimensions of the different microscopic fungal structures. The results were confirmed by the scientists of Mycological Centre, Assiut University, Egypt.
Effect of crude extract of the selected isolates on adult females of T. urticae
Twelve plugs of freshly prepared culture of each fungal isolate were inoculated in 300 ml potato dextrose broth media and incubated in shaking incubator at 28°C, 150 rpm for 10 days. After incubation time, each fungal culture was filtered and subjected to extraction with ethyl acetate (1:1) triple. The crude extract was dried, using a rotary evaporator, and stored in a freezer until use. Four concentrations (5, 10, 20, 30 mg/ml) were prepared from the crude extract of each fungal isolate. Bioassay of each extract was undertaken using the leaf dipping method. Leaf discs of 25 mm were immersed in each of the four concentrations, and another disc group was dipped in ethanol and used as a check and left to dry at room temperature. Treated leaf discs were placed on wetted cotton in Petri dishes (9 cm) and lined with a cotton lining to prevent spider mites from escaping, and then 20 females were transferred and incubated at 25°C. The mortality rates were recorded after 3 days. Each concentration was replicated three times.
Effect of crude extract of the selected isolates on eggs of T. urticae
The ovicidal activity of the previously prepared concentrations of ethyl acetate extract of selected isolates was tested as follows: 10 females were placed on mulberry leaf discs (25 mm), prepared in 9 cm Petri dish to obtain same-aged eggs to be used in the tests. Twenty-four hours later, females were removed from the discs, eggs were counted, and three leaf discs, carrying eggs, were dipped into each concentration. The control discs were dipped in 70% ethanol and were left to dry. Observations continued daily until hatching of eggs in the control group.
Confirmation of the most potent strain by DNA sequencing
The strain was cultured on PDA overlaid with cellophane at 27°C for 3-5 days. Total genomic DNA (deoxyribonucleic acid) was directly extracted from fungal mycelia of the KF23 strain, using the Quick-DNA™ Fungal/Bacterial Microprep Kit (Zymo research #D6007). The internal transcribed spacers (ITS1 and ITS4) were amplified using the universal primer pair ITS1 (5′-CTTGGTCATTTAGAGGAAGTAA-3′) and ITS4 (5′-TCCTCCGCTTATTGATATGC-3′) (White et al. 1990 ) in a 50-μl reaction mixture comprising 5 μl of genomic instructions. Sequencing was done at GATC Company Germany by using ABI 3730xl DNA sequencer and using forward and reverse primers. The sequence obtained was subjected into Geneious pro 8.9 software and compared to ITS sequences available in Gene Bank by blast analysis. Finally, the phylogenetic tree was constructed to establish the taxonomic rank of the fungus.
Separation, purification, and identification of acaricidal secondary metabolites produced by A. melleus Preparation of extracellular crude extract from A. melleus
Twenty-five Erlenmeyer flasks (250 ml), each containing 100 ml of PDB media supplemented with sucrose 3% (w/ v), ammonium sulfate 0.75% (w/v), at initial pH value 4 and the flasks, were incubated at 30°C for 6 days under static conditions. After the incubation period, the culture was collected and filtered by muslin cloth, then the clear filtrate was collected and subjected to extraction by Ethyl acetate triple (1:1), then the extraction solvent was dried, using vacuum under reduced pressure at 40°C, and the crude extract was collected.
Separation of active compounds by thin-layer chromatography
Aluminum sheets (20×20 cm) with pre-coated silica gel 60 F254 (Merck, Germany) was used to separate active metabolites. The crude extract was applied in the form of bands at 1 cm from the bottom of the plate, using a capillary tube. Subsequently, the thin-layer chromatography (TLC) plate was then placed in a glass jar previously saturated with a developing solvent system of toluene to ethyl acetate to formic acid (6:3:1) (v/v). The glass jar was covered tightly. The developing system was left to rise on the TLC plate, until it reached the solvent front. The developed chromatogram was examined visually and observed under short (254 nm) and long (366 nm) wavelength ultraviolet light (UV). The retention factor (Rf) values of the separated spots were determined subsequently. For the detection of bioactive compounds, each band was scraped off the plate, eluted with methanol, and filtered, using a filter paper. The concentration of LC 50 was prepared from each band and subjected to assay against T. urticae.
Separation and identification of the most active compound/s
Liquid column chromatography-mass spectrometry (LC-MS/MS) was used to separate active compounds in the highest active band. The band (Rf 3 ) was subjected to identification on Agilent LC-MS/MS (Agilent Technologies, USA) that consists of C18 column model G1316A equipped with a diode array detector (model G1315D) and coupled to a 6420 Triple Quadrupole mass spectrometer equipped with an electrospray ionization (ESI) source operating in positive ionization mode. The mobile phase consisted of 5 mM ammonium formate containing 0.1% formic acid (solvent A) and acetonitrile (solvent B). A total of 5 μl of the sample was injected. The gradient elution program for LC analysis was applied as follows: 0-2 min, 40% B; 2-12 min, 40-85% B; 12-15 min, 85-90% B; 15-35 min, 90-95% B at a flow rate of 0.3 ml min −1 and the column temperature was set to 35°C. The MS analysis used full-scan mode with the mass range set to 100-1200 m/z in positive and mode. The conditions of the ESI source were as follows: drying gas, high-purity nitrogen (N 2 ), drying gas temperature was set to 350°C, drying gas flow-rate was 11 L/min, the nebulizing gas (N 2 ) was set at a pressure of 45 psi, a potential of 3500 V for the positive ionization mode was applied to the tip of the capillary, and the fragmentation voltage was 130 V. The acquisition and data analysis were controlled using Agilent LC-MS Software (Agilent, USA). The identification of the separated compounds was carried out by comparing their retention times and mass spectra provided by ESI-MS with the data obtained from previous studies that are carried out on the same A. melleus as well as those of authentic standards when available.
Data analysis
Control is corrected according to Abbott's formula (Abbott 1925) . where T = dead mites in treatment and C = dead mites in control.
Data obtained from each dose-response bioassay were subjected to probit analysis (Finney 1971) to estimate LC 50 values. For mortality and ovicidal activity experiments, the number of dead mite individuals and unhatched eggs were counted and analyzed by one-way analysis of variance (ANOVA) (P = 0.05). Means were compared by Duncan's test (Duncan 1955) . Also, mortality percentages were calculated and corrected according to Abbott's formula (Abbott 1925) .
Results and discussion
Isolation and primary assay of fungi Sixty-two fungal strains were isolated from the rhizosphere of different plants and tested for their control activity against the females of T. urticae. Thirty-four isolates showed insignificant differences in their efficiency, while 28 showed a considerable control activity against spider mite (Table 1) . Among the effective isolates, KF23, KF40, KF45, and KF9, that showed the highest mortality rates, were selected for further experiments. Culture filtrates of KF23, KF9, KF40, and KF45 resulted in 53.69, 73.83, 50.34, and 67 .11% mortality rate, respectively, 5 days after exposure. Similarly, the culture filtrates of B. bassiana and M. anisoplae highly reduced mite population (Yun et al. 2017) . The obtained results were relatively higher than mortality rates of HtCRMB isolate of Hirsutella thompsonii Fisher that only exhibited 55.90% on T. urticae and citrus rust mite, Phyllocoptruta oleivora Ashmead, 9 days after application (Aghajanzadeh et al. 2006 ). Mehdi (2006) studied the effect of culture filtrates of some fungal isolates and found that the highest contact toxicities were 52.4, 52.4, 48.4, and 50.4%, exhibited by Alternaria alternata, A. terreus, Trichoderma viridae, and Eurotium eurotiorum, followed by A. pluriseptata, Stachybotrys atra, Trichoderma harzianum, T. koningii, and Ulocladium chartarum showed mortality rates of 42.5, 42.5, 46.5, 43.5, and 39 .6%, respectively.
Morphological identification of the most effective isolates
Isolate KF23 grown on Czapek's agar media forming colony covered with dense layer of sclerotia and conidiophores absent or produced sparingly in the center. Conidial structures are more abundant in older cultures. Sclerotia were yellow to brown and hard and slightly rounded. This isolate was confirmed as Aspergillus melleus Yukawa at the Mycological Centre, Faculty of Science, Assiut University, Egypt. Isolate KF40 was grown on Czapek's medium forming a colony, colored dark orange yellow with yellow reverse. The colony attained a diameter of 31 mm after 7 days at 25°C. Isolate KF40 was identified as A. terreus, according to Raper and Fennell (1965) . Isolate KF9 was grown on potato dextrose agar medium producing flattened, black gray colony with white, lobed edges and dark yellow reverse. Growth was relatively slow and characterized by an abundance of olive green ascocarps with ascomal hairs. Spores were pale brown and lemon-shaped. These characters are matching well with Chaetomium globosum (Domsch et al. 1980) . The isolate KF45 grew rapidly on Czapek's agar forming green colony with purple shade. Cleistothecia are scattered on the colony, greencolored, and globose. Microscopic examination showed that ascospores were orange with two equatorial crests and in addition to the presence of globose Hülle cells. Accordingly, isolate KF45 was Emericella nidulans (Raper and Fennell 1965) .
Effect of crude extract of the selected fungi on adults of T. urticae
Mortality rates exhibited by the ethyl acetate extract of each of the selected isolates are shown in Table 2 . LC 50 values on females exhibited by A. melleus, C. globosum, A. terreus, and E. nidulans were 10. 27, 22.40, 33.05, and 14 .68 mg/ml, respectively. It seems that there are no reports on the acaricidal activity of A. melleus or E. nidulans. The present results proved that the obtained isolates possessed a concentration-dependent strong acaricidal efficacy, since they caused high mortality rates in mite population at the concentration of 30 mg/ ml where 91.67% and 81.67% were killed by A. melleus and E. nidulans. Also, C. globosum and A. terreus showed mortality rates of 76.67% and 56.67% at the highest concentration (30 mg/ml), respectively. Similarly, the crude extract of Hypocrella raciborskii Zimm at a concentration of 3% (w/v) showed residual toxicity of 80% in 3 days after application (Buttachon and Kijjoa 2013) . Santamarina et al. (1987) found that the crude extract (10 mg/ml) of P. funiculosum caused 100% mortality in the population of Panonychus ulmi on the second day after treatment. Similar results were obtained by Jimenez et al. (1993) who tested P. funiculosum on adult females of T. urticae and recorded a mortality rate of 100% after 3 days.
Effect of crude extracts of the selected fungi on eggs of T. urticae
LC 50 values exhibited on eggs were 8. 81, 11.05, 23.17, and 11 .66 mg/ml, when eggs of the spider mite were subjected to crude extracts of A. melleus, C. globosum, A. terreus, and E. nidulans, respectively (Table 3) . Interestingly, the evaluated isolates showed a higher toxicity towards eggs than adults of T. urticae. Crude extracts (30 mg/ml) of A. melleus, E. nidulans, and C. globosum inhibited completely the hatchability of eggs. Similarly, fungal filtrates studied by Mehdi (2006) had more toxic action on eggs of T. urticae than adults. He also found that the filtrates of Alternaria alternate, A. pluriseptata, Aspergillus terreus, Trichoderma harzianum, T. koningii, T. viride, Eurotium eurotiorum, Ulocladium chartarum, and Stachybotrys atra inhibited hatchability by an average of 65.5, 58.3, 65.5, 60.6, 60.6, 54.1, 40, 52, 49.1, and 49.1%, respectively. Santamarina et al. (1987) reported that the crude extract (10 mg/ml) of P. funiculosum caused 52.17% reduction in eggs hatching of Panonychus ulmi. 
Identification of A. melleus
A. melleus showed the minimum LC 50 value, so it was selected for further investigation. The identification of A. melleus was confirmed by DNA sequencing. The alignment of the ITS sequences of fungal isolate KF23 was done by the National Center for Biotechnology Information (NCBI) database. The phyllogenetic analysis showed that KF23 most resemble A. melleus strain CBS 112786 (Accession No. FJ491567) with 99% homology (Fig. 1) .
Identification of active metabolites of A. melleus
Partial separation of active compounds in A. melleus crude extract by TLC resulted in five major bands. Four of them were visualized at long UV wavelength at 366 nm and one was seen under short UV wavelength at 254 nm. A band colored florescent blue at a Rf 1 value of 0.97, florescent green band at Rf 2 value of 0.72, yellow band at Rf 3 value 0.55, blue band at Rf 5 of 0.1, and brown band at Rf 4 0.43. Each of the five bands was eluted by methanol and subjected to toxicity bioassay against females of T. urticae. The mortality rates are as shown in Fig. 2 . The Rf 3 band exhibited the highest mortality percent of 57.05%, followed by Rf 1 (28.52%), Rf 2 (10.07%), Rf 5 (11.74%), and Rf 4 (8.39%). Therefore, it was selected for further purification and identification by LC-MS/MS.
Liquid chromatography/mass spectrometry
The metabolites in the active fraction separated by TLC, which had Rf 3 of 0.55, were analyzed by LC-MS/MS and identified by comparing to the same authentic compounds. From LC/MS data, 13 compounds were detected ( Fig. 3) . Only five compounds were identified, while the others are needed further studies for identification.
The first identified one appeared on liquid chromatography profile at a retention time (Rt) of 4.854 min had a molecular mass of 306 resulting from ESI-MS m/z = 306 [M + ]; it might be 7-oxocurvularin ( Fig. 4) and it had the molecular formula C 16 H 18 O 6 . The second identified compound appeared at Rt 10.399 min and a molecular mass of 679 deduced from m/z of 679 [M + ] might be a nodulisporic acid with fragment ion at m/z = 702 [M + Na] deduced from m/z 701 [M − 1] (Fig. 5) . The molecular formula of the nodulisporic acid is C 43 H 53 NO 6 . The third peak detected at Rt 15.298 min and a molecular weight of 381 deduced from m/z 382 [M + 1] might be mellamide (Fig. 6 ) which had the molecular formula of C 23 H 31 N 3 O 2 . The fourth identified peak, Rt (18.025 min) with molecular weight of 431, resulted from m/z = 431 and fragment ion of m/z = 358 (Fig. 7) . This peak might be ochratoxin C with a molecular formula of C 22 H 22 NO 6 Cl. The last identified one appeared at Rt 21.243 min with a molecular mass of 301 deduced from m/z = 300 [M − 1] and fragment ion at m/z = 258 [M + 2], 149 [M − 1], and 121[M − 3] (Fig. 8 ). This peak might be 6-(4′-hydroxy-2′-methyl phenoxy)-(−)-(3R)-mellein (C 19 H 24 O 3 ). Further investigations are required to characterize the other eight compounds. It was reported that A. melleus produces a wide range of polyketides (Garson et al. 1984) and naphthoquinone pigments such as xanthomegnin, viomellein, and viopurpurin (Durley et al. 1975) . Similarly, Ondeyka et al. (2003) reported an insecticidal activity of mellamide, xanthomegnin, viomellein, and ochratoxin A isolated from A. melleus against Aedes aegypti. Also, A. melleus produces aspyrone that exhibited nematicidal activity against Pratylenchus penetrans by 80% at a concentration of 300 mg/l (Kimura et al. 1996) .
Conclusion
A. melleus, E. nidulans, C. globosum, and A. terreus showed promising acaricidal activities against the twospotted spider mite, T. urticae, females and eggs. Further investigations are still needed to identify their bioactive secondary metabolites and to evaluate their efficacy under greenhouse and field trials. 
